INTRODUCTION
The turnover of cholesterol has been reported to bear a relationship to body fat (1, 2) . In a study of 22 subjects of average body build, Nestel, Whyte, and Goodman (1) observed that excess body weight was correlated significantly with the daily production rate of cholesterol and also with the size of that slowly turningover pool of cholesterol that is considered to include the cholesterol in adipose tissue. From this work and that of Miettinen (2) emerged the suggestion that the turnover of cholesterol in adipose tissue might influ-ence total cholesterol turnover, especially in obesity. The absence of a significant relationship between the concentration of cholesterol in plasma and the production rate of body cholesterol (as a function of body weight) demonstrated, furthermore, that an increased rate of cholesterol production need not give rise to hypercholesterolemia.
None of the patients studied by Nestel et al. (1) were markedly obese; indeed, those who were leanest were also the most hypercholesterolemic. In that study rates of daily cholesterol turnover were measured only by compartmental analysis, a series of calculations that are based on the rate of change in the plasma specific radioactivity curve after a single intravenous injection of radioactive cholesterol. It has been shown that values for cholesterol turnover derived in this way may exceed those obtained by chemical sterol balance techniques by about 15% in various hyperlipidemic states (3, 4) . On the other hand, Miettinen's findings of increased cholesterol production in obesity were obtained by sterol balance (2) .
Further studies were therefore designed in which cholesterol turnover was measured simultaneously by the two different approaches in a group of markedly obese, normocholesterolemic subjects. Adipose tissue biopsies and total body fat estimations furnished data on adipocyte size and cellularity, as well as concentration and total content of cholesterol in adipose tissue. It was therefore possible to compare total body adipose cholesterol content obtained directly with the cholesterol pool sizes derived by compartmental analyses.
METHODS

Patients
Eight obese subjects, six women and two men aged yr with body weights ranging from 182 to 336% of ideal, were maintained at constant body weights on the metabolic ward of The Rockefeller University Hospital. The oldest patient (no. 6) had an enlarged heart (possibly due to her obesity) and required diuretics to prevent the accumulation of edema. This interfered with assessment of weight changes: there was an initial loss of 5 kg that was slowly 
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Analytical procedures
Collections of total fecal output were combined into 4-day pools (or 6-day collections when subjects were constipated). In this way, 6-10 consecutive analyses were obtained in each patient with the exception of no. 1, who withdrew from the study after only four 4-day pools had been obtained. Fecal neutral and acidic steroids were isolated quantitatively, and their mass and radioactivity measured as described previously (6, 7) . These techniques permit the critical distinction to be made between plant sterols and cholesterol and between the bacterial conversion products derived from these two sources during intestinal transit. Corrections of neutral steroid excretion for unexplained losses during intestinal transit were made with dietary p-sitosterol as an internal standard; variations in fecal flow of bile acids were corrected with chromic oxide as internal standard (8) . The calculations employed and the rationale underlying the use of these internal standards have been presented elsewhere (3) .
Plasma cholesterol and triglyceride concentrations were measured by automated techniques (9, 10) (14) . Lean body mass was calculated as 82% of ideal body weight (15); the figure for lean mass was subtracted from the actual body weight to obtain the total mass of body fat. In patients 7 and 8 total body fat also was measured according to Pace and Rathburn (16) RESULTS Absorption, synthesis, and turnover of cholesterol. Table I presents the sterol balance data obtained in this group of eight obese patients, from which daily synthesis rates were calculated by subtracting the daily cholesterol intake from the daily excretion of total fecal steroids. (The justification for this calculation has been presented elsewhere in detail [3] .) It is seen that the mean synthesis rate was 1.75 g/day (range 1.17-2.50).
All eight patients in the present study were maintained on cholesterol-containing diets, but absorption data could be obtained only in those five to whom radioactive cholesterol had been administered. (22) . Estimates of cholesterol pool sizes. The specific activity-time curves of plasma cholesterol could be clearly resolved into two rate constants (a and P) 1 (Fig. 1 (1) . These values are listed in Table III . Two-pool compartmental analysis has been described in detail by others (1, 12, 19) . Comparing these parameters in five obese patients with those previously described in nonobese patients (Table IV) , we see that the major difference lies in the estimated size of pool B. The size of MB which may include much of the adipose cholesterol, was greatly enlarged in the obese, while that of MA was not. Although the rate constant for the movement of cholesterol from pool B (-KBB) was reduced, the total turnover of cholesterol within pool B would certainly not be decreased in the obese subjects because of the much greater mass in that pool. Recent studies by Goodman, Noble, and Dell (personal communication) and by Lieberman and Samuel (personal communication), in which decay curves of approximately 1-yr duration were obtained, indicate that MB and MB min are much underestimated when decay curves of short duration (as in the present study) are analyzed. Thus, it is likely that our figures in Table III for MB and in   Table IV Cholesterol Metabolism in Obesity Tables III and IV above) . Increases in cholesterol synthesis obtained by the sterol balance method correlated well with excess body weight and total adipose cellularity (Fig. 2) .
Effects of weight loss. Weight loss occurred rapidly when the caloric intake was reduced by 80%. A uniform finding was the rise in the specific activity of plasma cholesterol during weight reduction (Fig. 1) that persisted throughout the 3 wvk of observation.
During this short period of weight losing, levels of plasma cholesterol rose slightly in three patients and remained unchanged in four patients.
DISCUSSION
Nestel et al. (1) first observed a relationship between cholesterol turnover and excess body weight in studies relying solely upon compartmental analysis. More recently, Miettinen (2) has reached similar and more extended conclusions using the sterol balance method: he found that obese normolipidemic and hypertriglyceridemic patients had greater fecal excretion of total steroids than lean controls, indicating higher rates of cholesterol synthesis. The present study compares the two methods (compartmental analysis and sterol balance) carried out simultaneously in markedly obese patients: close agreement was obtained for cholesterol Thus, the present data confirm the previous findings of increased cholesterol turnover in obesity: in eight very obese patients the mean daily synthesis rate was double that previously measured in lean patients. There was also general agreement with the regression equation calculated by Nestel et al. (1) in that the production rates (Table III) This suggests that, with respect to cholesterol metabolism, obese subjects represent an extension of the normal weight population. The discrepancies noted in patient 6 may have been due to her older age and mild cardiac decompensation.
The present balance studies were carried out in patients fed cholesterol-containing diets, and so a decreased absorption rate might account for increased excretion. However, cholesterol absorption in these patients averaged 63%, a value that is somewhat higher than previously reported in normal weight patients (13) . The site of increased cholesterol synthesis in these obese patients is of major interest, especially as the size of pool A was not increased. The plasma cholesterol concentrations were also low as is often seen in normolipidemic patients consuming diets rich in polyunsaturated fats. The metabolic clearance rate (fraction of plasma "cleared" per day) was 23% for five obese patients; this is identical to that found in normocholes- (19) , thetn the total miscible pool of cholesterol would have been found to be much larger than that shown in Table III . With these reservations in mind, it is nevertheless interesting to compare our MB data with the measured adipose cholesterol content. As seen in Table V , adipose tissue can account for much of the expanded MBt in these five obese patients. The agreement between these two sorts of calculation is surprisingly good, considering possible regional differences in adipocyte size, cholesterol concentration, or errors in total body fat estimation.
Finally, a rise in plasma cholesterol specific activity with weight reduction was seen in all five patients while consuming a diet containing cholesterol in amounts equivalent to their weight maintenance regimes in confirmation of Miettinen's observations (27) which was seen even when plasma cholesterol concentrations rose. We believe that these findings suggest a net efflux of more richly labeled cholesterol from the shrinking adipose tissue mass; Samuel, Perl, Holtzman, Rochman, and Lieberman have also noted higher specific activities in this tissue than in plasma, after administering radioactive cholesterol intravenously, in a nonobese hypercholesterolemic patient (28) .
